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Introduction 

_ The use of solid fuels for rocket propulsion dates back at least to the 
thirteenth century when charcoal and sulphur were the fuels with saltpetre 
as the oxidant. It is only during the last 25 years that liquid fuels have been 
introduced, and it is this development which has enabled really large-scale 
rockets to be used and tq reach the stratosphere. Some of the liquid fuels 
are petrol, alcohol and hydrazine hydrate, and among the oxidants are liquid 


oxygen, nitric acid and hydrogen peroxide. 

The use of hydrogen peroxide for propulsion purposes is a comparatively 
recent development, as is shown by the fact that one of the original references 
is in 1934, in an American Journal, Astronautics, where Harry Bull mentions 
the use of 30 per cent. hydrogen peroxide, 30 per cent. being the normal commer- 
cial product. Other references to what we may now describe as the same low 
strength hydrogen peroxide appear in two patents taken out during October, 
1939, by Alf Lysholm, of Stockholm! (U.S.P. 2,325,618 and U.S.P. 2,325,619). 
According to these patent specifications a supply of oxygen is obtained by pass- 
ing a 30/40 per cent. solution of hydrogen peroxide through a coil in the chamber 
in which the fuel is burnt. The heating of the hydrogen peroxide in the coil 
is claimed to cause its decomposition, so that the oxygen thereby liberated may 
be used to burn the fuel in the rocket propulsion unit. 

Prior to World War I, most of the hydrogen peroxide produced contained 
6 per cent. or less hydrogen peroxide by weight, but between the two World 
Wars the commercial production was essentially of 30/35 per cent. solution. 
Higher strengths were not then available, and this no doubt explains why the 
above references were limited to the 30/40 per cent. product. 

In the years immediately before World War II, experimental work was 
carried out both in this country and in Germany on the production of higher 
strengths of hydrogen peroxide, e.g. 80/90 per cent., but in Great Britain there 
were no commercial or military developments to encourage large-seale pro- 
duction. It is now known that in 1934 the Germans started experimenting with 
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higher strength solutions of hydrogen peroxide for power units, and progres- 
sively increased the concentration of the solution until they actually put into 
practical operation the use of 80/85 per cent. hydrogen peroxide for various 
military purposes. 

In this lecture we propose to give a brief summary of the development of the 
manufacture of high strength hydrogen peroxide solutions, i.e. of up to, say, 
90/92 per cent. hydrogen peroxide, and to give information on the properties 
and stability of such solutions as well as methods for handling and transport. 

Before discussing hydrogen peroxide, as such, it may be useful to summarise 
the methods of application of hydrogen peroxide in power units. Its value for 
this purpose depends upon the considerable quantity of heat and oxygen 
generated by the decomposition of the hydrogen peroxide and by the fact that 
this decomposition may be fairly readily controlled. The methods of applica- 
tion may be divided into the following three main groups: 


(a) The first is by decomposition to give steam and oxygen for power, by 
spraying hydrogen peroxide and a catalyst solution (e.g. sodium or 
calcium permanganate) through separate jets into a reaction’ chamber. 
This method of obtaining power from hydrogen peroxide was used for 
propelling the glider bomb, Hs 293, for assisted take-off units for 
launching heavy aircraft, for working the turbine of the long-range 
rocket (V.2) and for catapult launching of the flying bomb. 


(6) The second method of use depends upon the release of the oxygen for 
burning fuel for an engine. In this case the hydrogen peroxide is 
decomposed by a solid catalyst, the oxygen and steam from the decom- 
position chamber passing to the engine where the oxygen effects the 
combustion of a fuel. 


(c) The third employs the hydrogen peroxide as an oxidant for direct 
burning of a fuel. In this case, the hydrogen peroxide is made to react 
directly with another liquid, such as hydrazine hydrate or an amine. 

Solutions containing 85 per cent. hydrogen peroxide are not explosive, but 

a mixture of this strength with certain organic substances gives a product 
which is equal to some of the most powerful explosives known. 


General Properties 

Hydrogen peroxide has been an article of commerce for over 50 years. In 
the early days a 3 per cent. or 10 volumes solution, or less frequentiy, a 6 per 
cent. or 20 volumes solution was supplied. Indeed, these strengths are still 
those normally supplied in the shops for pharmaceutical or cosmetic purposes. 

To-day, the manufacturer sells hydrogen peroxide mainly of 27-5 per cent. 
to 35 per cent. strength, leaving it to the user to adjust the strength to his 
requirement by simple dilution with water. A word of warning here is not out 
of place, since if the diluted product is to be stored for any length of time, 
special precautions are required during the dilution, particularly as regards the 
purity of the water used, otherwise the final product may be unstable. 

The lower strength solutions were often supplied in wooden barrels, but for 
many years all strengths have been packed in glass carboys fitted with a suitable 





arise 
e for 
ygen 
that 
lica- 


o by 
n or 
.ber. 
1 for 
. for 
ange 


. for 
le is 
om- 

the 


rect 
eact 


but 
luct 


In 


still 
Ses. 
ent. 


out 
me, 
the 


for 
ble 





HIGH STRENGTH HYDROGEN PEROXIDE FOR ROCKET PROPULSION 139 





closure. The present tendency is to replace the glass carboys with aluminium 
tanks or drums. 

Solutions of up to 35 per cent. strength can be handled quite safely, although 
if spilt on the clothes it is likely that the colour will be discharged or modified. 
The solutions also cause temporary irritation of the skin which follows from the 
formation of a patch of small white “‘blisters.”” The effect, however, epnees off 
within the half-hour. 

The product as sold is normally so stable that it can be relied upon to 
maintain its strength for at least a year under normal conditions. The product 
may be boiled for some hours with only a small percentage decomposition ; 
indeed, some qualities are supplied which show no decomposition on 3 hours’ 
boiling. It is important to avoid contamination of the solution since this may 
promote decomposition. Less stable qualities are sold for special commercial 
purposes. 

The quality of hydrogen peroxide manufactured did not always possess 
such excellent stability and the uncertainty of the stability of the earlier product 
created many doubts as to the possibility of making and storing higher strength 
solutions. The rapid progress made during the past 20 years in the stability 
field has helped to encourage the manufacture of the higher strength product and, 
as a result, high strength hydrogen peroxide solutions of the same reliable 
stability as the lower strength solutions are now manufactured. 

The presence of catalysts such as iron or copper will cause rapid decomposi- 
tion of 30 per cent. hydrogen peroxide. There is no explosion, but if the rate 
of decomposition is sufficiently rapid the temperature of the peroxide may 
almost reach boiling-point. Thus, in a simple experiment in a beaker, the 
addition of 0-5 gram permanganate crystals to 100 mls. 30 per cent. hydrogen 
peroxide, i.e. sufficient to decompose the peroxide completely, raised the 
temperature to 95° C. in less than 1 sec.; the peroxide was completely decom- 
posed in 4 sec. There were then 65 mls. of solution left, i.e. 41 per cent. by 
weight of the original hydrogen peroxide solution had decomposed and vaporised 
into oxygen and water vapour, 59 per cent. being left as water. 

With solutions of up to 40 per cent. concentration there is no immediate 
fire risk, but of course, if a fire does occur the heat and foreign matter will 
promote rapid decomposition of the hydrogen peroxide, and the oxygen so 
liberated will support the combustion. Continual soaking of organic materials, 
however, may promote a fire risk, but this is not usual. 


Production of Hydrogen Peroxide 


Until 1908, hydrogen peroxide was produced solely by the reaction between 
barium peroxide and sulphuric acid in the presence of a solvent acid. The 
barium peroxide was made by the Brin process based on the absorption of 
oxygen from the air in barium monoxide at temperature of 500/550°C. The 
hydrogen peroxide obtained was of not more than 6 per cent. strength, but in 
about 1922, distillation equipment was introduced which enabled 35 per cent. 
hydrogen peroxide to be made from the 6 per cent. solution, and there is little 
doubt that the same solution could be converted to 90 per cent. Although the 
barium peroxide process is still operated, it is not so self-contained as the 








140 V. W. SLATER AND W. S. WOOD 





electrolytic persulphate processes, and therefore, it is not surprising to find that 
all recent development and increase in production has been based on the 
latter. 

Broadly speaking, the persylphate processes can be divided into two groups, 
one based on the production of a solid persulphate and the other based on the 
use of a persulphate or persulphuric acid solution. In all cases the persulphate, 
solid or in solution, is heated in the presence of sulphuric acid to give hydrogen 
peroxide vapour which is then fractionated to give 30/35 per cent. solution. 

The solid persulphate process was commercialised in 1909 by Pietzsch and 
Adolph?, and during World War II the Germans erected huge plants to operate 
this process. The decision to use this process was no doubt influenced by the 
personal interest of Dr. Pietzsch who, in addition to producing hydrogen 
peroxide, was interested in its application for war purposes and was a personal 
friend of Hitler. 

The first completely liquid process was introduced as early as 1908 in Austria. 
This used persulphuric acid, but later ammonium persulphate solution was used 
and this latter has found extensive application. The completely liquid process 
eliminates the costly and cumbersome separation of a solid persulphate and 
allows for more continuous operation. The process developed and operated by 
Laporte Chemicals* in this and several other countries is based on ammonium 
persulphate. 

As normally operated, the persulphate processes give solutions of 30/40 per 
cent. hydrogen peroxide, although it is possible by a comparatively simple 
modification to increase the strength to 50/60 per cent. 

Since the solutions employed in the electrolysis are highly acid, slight 
traces of acid are carried over with the vapour during the distillation part of the 
process and are condensed into the hydrogen peroxide solution. These traces 
of acid are not of any great consequence in the lower strengths of hydrogen 
peroxide, t.e. up to 50 per cent., but they are detrimental in the higher strength 
solutions by adversely affecting the stability and corrosive properties of the 
solution. 

For this reason, in the manufacture of high strength solutions, it is necessary 
to include a purification stage, the ultimate product being of very high purity, 
similar to that of an analytical reagent, and of a high order of stability. 

It is, no doubt, of interest to have a little more detailed description of the 
actual process of manufacture. It would obviously take some considerable 
time to describe fully the various electrolytic processes, and for this reason our 
remarks will be limited to two processes, one used by the Germans for large- 
scale manufacture during the war, and the other as operated by Laporte 
Chemicals in Great Britain. 


(1) German Process 

The German process for 30/40 per cent. hydrogen peroxide was originally 
developed and worked by the firm of Elektrochemische Werke at Hollriegel- 
skreuth, near Munich, about 1909. This same firm developed a process for the 
higher strength material, starting about 1934, when they first produced 60 per 
cent. and later 80/85 per cent. However, the process of manufacture must have 
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been considered somewhat dangerous since they were nervous of producing 
strengths greater than 80/85 per cent. 

Although a fair quantity of the high strength material was produced at 
Munich, it was soon evident that much larger quantities would be required for 
military purposes, and for this reason a large factory was built at Bad Lauter- 
berg in the Harz mountains, but was only in full production during the latter 
part of the war. A still larger factory was‘ being built at Rhumspringe some 
11 miles away, but this factory was never put into production. The Bad 
Lauterberg factory was extremely well sited and suffered no damage, either by 
Allied bombers or by military operations. There are several published technical 
reports‘ which have been made by British and American investigators and which 
deal in great detail with the method employed. 

The German process comprises three main operations which are: 

(a) Electrolysis of sulphate to persulphate. 

(b) Precipitation of potassium persulphate. 

(c)) Distillation of potassium persulphate with sulphuric acid to produce 

hydrogen peroxide. 

There are, in addition, ancillary purification processes for the liquors and, of 
course, the concentration to the higher strength. 

The electrolysis plant consists of large stoneware baths fitted with carbon 
rod cathodes, platinum wire anodes and cooling tubes. The baths are connected 
electrically in series and each bath operates at approximately 6,000 amps. 

A solution of ammonium sulphate in sulphuric acid and containing some 
potassium sulphate is run continuously through a series of baths with the re- 
sulting formation of persulphate. 

‘The solution, after electrolysis, is then treated with potassium sulphate in 
special reaction tanks and the precipitated potassium persulphate is filtered 
through a centrifuge ready for the distillation part of the process. 

The distillation plant consists of a stoneware boiler attached to a short 
stoneware column called a separator. This is specially designed to retain the 
acid spray. The separator is connected to a packed stoneware column some 
4 metres high and 1 metre diameter, which is, in turn, attached to suitable 
condensing and vacuum equipment. The potassium persulphate crystals are 
placed in the retort, treated with sulphuric acid, and steam is blown into the 
mixture. The reaction produces hydrogen peroxide vapour, which passes 
through the separator into the fractionating column where the hydrogen per- 
oxide is condensed by direct introduction of small quantities of water, whilst the 
remaining water vapour is condensed and collected for return to the cycle. 
The whole operation is carried out at a pressure of some 40 mm. of mercury. 
The 30/35 per cent. hydrogen peroxide so obtained is then ready for the purifi- 
cation and concentration plant. 


(2) Laporte Process 

The process operated by Laporte Chemicals consists of two steps (a) electro- 
lysis and (b) distillation. The electrolyte is a solution of ammonium sulphate 
and sulphuric acid, and contains no potassium salts. The electrolysis is carried 
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out to give higher concentrations of persulphate and:no precipitation process is 
employed. The acid ammonium persulphate solution is evaporated in a tube 
evaporator. The concentrated liquor then flows down a packed tower in which 
the persulphate is converted to hydrogen peroxide, which is removed as vapour. 
The hydrogen peroxide vapour is then fractionated to give hydrogen peroxide 
of 27-5/35 per cent. strength and, in fact, 50 per cent. material may be obtained 
at this stage. 


(3) Alternative Processes 

For a product which played such an important part in the German war 
effort it was to be expected that alternative methods of production would be 
investigated. Although considerable work was carried out, no corresponding 
large-scale unit was operated to manufacture hydrogen peroxide. 

Before the war, a number of patents had been taken out for the direct 
production of hydrogen peroxide from hydrogen and oxygen (or air), but as 
far as is known none of them was operated on a commercial scale. The Ger- 
mans continued their work on the synthetic process at Munich® and erected a 
small-scale pilot plant, but the results were uneconomic compared with the 
persulphate process. 

The other process investigated was the so-called autoxidation process which 
is based on the alternate oxidation and reduction of certain organic compounds. 
Patents based on this method had been taken out both in the United States 
and in Germany before the war; the Americans used, for example, aromatic azo 
compounds whilst the Germans developed the use of 2-ethylanthraquinone. 
The work was continued in Germany during the war at the I.G. Works, Oppau,® 
and a small-scale pilot plant was operated. This type of process is, however, 
not without hazard, due to the possible formation of dangerous organic peroxy 
compounds and ignition of inflammable solvents. 


High Strength Hydrogen Peroxide, Production 

Both the German and British processes for producing high strength material 
from 30/35 per cent. solutions include purification and concentration operations. 
The main difference in the two processes is in the design of the evaporators 
used. The plants are similar in that they include a mist separator and a packed 
tower for fractionation with connections to suitable condensing and vacuum 
equipment. 

The German plant resembled in some respects the persulphate distillation 
unit previously described. The evaporation and final concentration were carried 
out in large stoneware retorts fitted with a highly polished steam-heated coil 
made of Krupp V.14A stainless austenitic steel. In the purification stage the 
35 per cent. product was fed into the retort wherein it was evaporated, the 
volume being kept constant by a continuous supply of fresh 35 per cent. 
solution. The vapours were passed through a separator to a packed column 
where they were fractionated to give a pure 60/70 per cent. hydrogen peroxide 
solution. This higher strength material was then fed continuously to another 
similar unit wherein it was concentrated in the retort to the 80/85 per cent. 
product, the fractionating column being employed to avoid serious loss of 
hydrogen peroxide in the vapour. 
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It will be seen that there was an accumulation of impurities in the purifica- 
tion boiler, and after some days’ working the plant had to be shut down, the 
boiler emptied and a fresh start made. The peroxide was recovered from the 
impure residues by a steam distillation process. 

It will be seen that this method has some danger, due to the boiling of 
hydrogen peroxide in presence of accumulated quantities of impurity which 
adversely affect the stability of the solution in the retort. It was probably for 
this reason that the Germans did not like to produce hydrogen peroxide of a 
higher strength than 82-5 per cent. 

The British method? is a double distillation process wherein the 35 per cent. 
hydrogen peroxide is first purified and fractionated to a 70 per cent. solution 
and is then redistilled and fractionated to give a pure 90/92 per cent. product 
(Fig. 1). 
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In the first stage the 35 per cent. solution is fed to an externally heated 
vertical tube, and the mixture of vapour and liquid passes into a separator from 
which the vapours pass to a fractionating column, while the liquid goes to a 
reservoir connected to the bottom of the vertical evaporator, thus forming a 
closed cycle, with the bulk of the liquor kept unheated in the reservoir. The 
fresh 35 per cent. solution is fed continuously to the vertical evaporator and the 
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strength of the hydrogen peroxide in the cycle builds up to an equilibrium such. 


that the strength of the vapour produced is equal to the strength of the feed 
peroxide. 

The second stage is of similar design to the first and is connected directly 
to the supply of liquor coming from the fractionating column of the first stage. 
In this second closed cycle the concentration builds up so that the strength of 
vapour produced may be fractionated to give hydrogen peroxide of 90 per cent. 
or higher strength. 


High Strength Hydrogen Peroxide 


The term high strength hydrogen peroxide usually refers to solutions 
containing at least 70 per cent. by weight H,O,, and in fact, more usually to 
80 per cent. H,O,. It is a clear colourless free-flowing liquid, resembling in 
appearance, say, accummulator acid. 

The two properties which are of particular value are its considerable heat 
of decomposition which can be readily made available by simple catalytic 
decomposition and its high oxidising power which may produce considerable 
energy during the oxidation or combustion of organic compounds and certain 
inorganic compounds, such as hydrazine hydrate. 

The decomposition can be readily demonstrated by pouring a very fine 
stream of the high strength solution on to a few crystals of potassium permanga- 
nate contained in a conical flask when, with 70 per cent. solutions, all the hydro- 
gen peroxide added is completely vaporised, whilst with higher strengths the 
steam produced is superheated. 

, The ignition of organic material can also be simply demonstrated by adding 
a drop or two of 80/90 per cent. hydrogen peroxide on to a piece of cotton cloth, 
with and without a trace of iron rust on the cloth. The ignition of the clean 
cloth is usually delayed for some minutes, whereas the dirty cloth ignites almost 
immediately. 


(1) Physical Properties 

It will be of interest to note the available oxygen which can be obtained 
from various strengths of hydrogen peroxide as well as the heat developed. As 
is well known, one atom of oxygen is given up by the decomposition of one 











TABLE 1 
H,0O, Available Heat of decomposition 
percent. | Oxygen 

wt/wt. | per cent. K.cals/Kg. B.T.U./Ib. 

100 47-04 690 1241 

90 42-43 621 1117 

80 37-63 551 993 

70° | 32-93 483 869 

30 14-11 207 372 

















molecule of hydrogen peroxide and, according to Matheson and Maass,® the 
decomposition of one gram molecular of liquid hydrogen peroxide into liquid 
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water and gaseous oxygen at atmospheric pressure liberates 23,450 calories of 
heat. Table 1 shows the oxygen content and heat of decomposition for various 
strengths of hydrogen peroxide. 

This table illustrates the high available oxygen content of solutions which 
can be transported in comparatively simple light-weight equipment. 

The high heat of decornposition is of value in that it enables high strength 
hydrogen peroxide to be used as a convenient source of superheated steam. 
This is illustrated in Table 2 which gives the approximate temperature of the 
mixture of superheated steam and oxygen formed by the complete decomposi- 
tion of various strength solutions of hydrogen peroxide. It allows the pro- 
duction of high pressure steam in small units, and a particularly good example 
of this is the turbine used for driving the pumps for the V.2 rocket weapon. 
This application was dealt with recently in a paper given by H. Wheeler® to the 
Institution of Chemical Engineers in March, 1948. 








TABLE 2 
H,O, Approximate temp. 
per cent w/w of vapour ° C, 

100 940 

90 700 

80 450 

70 200 

30 90 














(2) Density and Concentration 

It is necessary in considering the application of hydrogen peroxide to have 
some knowledge of the relation between density and concentration. The 
density of various concentrations has been determined by a number of workers, 
of which perhaps the best known results are those by Maass and Hatcher.*® 
Table 3 gives figures determined in our laboratories on the product as manu- 
factured. The table also includes the older method of expressing the concen- 
tration of hydrogen peroxide as volume strength, which is based upon the 
volume of oxygen obtained at normal temperature and pressure from unit 
volume of the solution. 








TABLE 3 
H,O, per H,O, per Volume Specific Approx. 
cent. wt/wt. jcent. wt/vol. Strength Gravity Ib./gal. 
100 144-5 479 1-456 14-6 
90 126-5 418 1-404 14-0 
80 108-0 358 1-349 13-5 
70 90-2 300 1-296 13-0 
30 33-6 110 1-112 11-1 























The density figures may be affected, of course, by the purity and the quantity 
of stabilisers added to the hydrogen peroxide, but the solutions as now 
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manufactured do not contain many impurities and do not require excessive 
quantities of stabilisers so that the densities should not differ very much from 
those given. : 
(3) Freezing Point 

The freezing point of hydrogen: peroxide solutions depends upon the concen- 
tration and it is of importance to know its value should it be required to be 
used in extremely cold climatic conditions. Perhaps the most acceptable 
results are those of Giguére and Maass,'! whose figures for higher strength 
solutions are given in Table 4. 








TABLE 4 
H,O, per | Freezing 
cent. wt/wt. point ° C. 
100 | — 0-89 
90 —l1l 
80 — 23 
70 — 39-5 
30 | — 25 











(4) Vapour Pressure 

The vapour pressure of solutions of hydrogen peroxide has been determined 
by Giguére and Maass;™ the figures in Table 5 were determined in our labora- 
tories. This table shows that solutions of high strength hydrogen peroxide are 
hygroscopic and, in fact, under normal conditions in this country, solutions of 
30/40 per cent. hydrogen peroxide may also absorb water. 








TABLE 5 
H,O, per | Vapour Pressure at 
cent. w/w. 15° C. mm. Hg. 
0-0 12-9 + 0-1 
10-05 12-1 ” 
20-25 10-9 ’ 
30-5 9-8 , 
38-8 8-45 
49-65 7-0 
60-4 5-45 
70-55 | 4-05 
797 2-8 
90-05 1-65 
99-0 | 1-0 











The vapour in equilibrium with the higher strength solutions of hydrogen 
peroxide contains a high percentage of hydrogen peroxide, as is shown by the 
figures obtained by Giguére and Maass® (Table 6). 


(5) Viscosity 
Another physical property which plays a part in the application of hydrogen 
peroxide is the viscosity of the solution. This property has been determined 
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TABLE 6 
Vapour-Liguip EguiLttprium Data 
H,O, per cent. w/w. in liquid and vapour phases at 45° C. 
Liquid Vapour 
15-7 0-9 
32-6 1-7 
43-5 4:5 
53-6 9-1 
65-3 15-8 
73-9 31-3 
85:1 48:8 
92-4 73-1 
92-7 79-2 
95-2 ab-3 














by Maass and Hatcher,” and Table 7 shows that the viscosity increases slightly 
with increased concentration, but hydrogen peroxide cannot be considered to be 
viscous at even the highest concentration. 














TABLE 7 
ES ees ; 
H,O, Viscosity (18° C.) 
Per cent. w/w. Poise 
— |——_oH_————_—————_+ 

0-00 | 0-01054 
11-21 | 0-01066 
° 34-05 0-01157 
68-50 0-01285 
83-15 | 0-01300 
89-47 | 0-01301 











Of the other physical properties, mention may be made of the following: 
The specific heat at constant pressure of 100 per cent. H,0, liquid is 


equal to 0-579 cals. per gram." 

The boiling-point of 90 per cent. H,O, is of the order 140° C. 

The surface tension varies only slightly with concentration and according 
to Maass and Hatcher,” is equal to 75-67 dynes/cm. for 90-66 per cent. 


solution. 


Stability 

The stability of hydrogen peroxide, particularly the high strength material, 
is obviously of paramount importance. The subject is more complex than may. 
be considered at a first glance, since the stability is affected by a number of 
factors, two or more of which may be operating simulataneously. 

The main factors which affect the stability of hydrogen peroxide solutions 
are as follows: 

(a) The purity of the solution as judged by the presence of positive catalysts 

in solution. 
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(0) The decomposition due to the reaction at the surface of the containing 


vessel. 
(c) The presence of active insoluble matter in suspension: 
(d) The acceleration of the decomposition by increasing temperature. 
(e) The photochemical decomposition. 


The first of these factors is probably the best known cause of decomposition. 
The most active catalysts are certain cations, although with some pure solutions 
the presence of relatively large concentrations of anions also deteriorates the 
stability. 

Of the cations which have a pronounced de-stabilising effect on hydrogen 
peroxide the most active are iron, copper and vanadium, whilst nickel, chrom- 
ium, manganese and certain others have an appreciable effect, although not so 
marked as the first three mentioned (see Fig. 2). 
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In the most active group, the activity of the catalyst is measurable down to 


quantities of the order a few parts per ten millions and even a few parts per | 


hundred millions. It is doubtful whether solutions containing these minute 
traces of active catalysts can be sufficiently stable without addition of certain 
other substances known as stabilisers, or negative catalysts. 

The actual mechanism of the decomposition by these positive catalysts 
is not completely understood, but it is significant that cations with more than 
one valency usually have some degree of activity. 

There are certain cations, for example those of the alkali metals, sodium 
and potassium, which appear to have little or no effect on the stability of the 
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solution and, under some conditions, certain cations are even said to have stabil- 
ising properties. Further; it should. be remembered that probably the most 
important stabiliser or negative catalyst is the hydrogen ion, whilst one of the 
most active destabilisers or positive catalysts is the hydroxy] ion. 

It is unusual for anions to deteriorate the stability unless present in relatively 


' large concentrations and, in presence of excess H’ ions, i.e. relatively high acid 


solutions. Some anions are stabilising substances, e.g. phosphates. 

The second cause of decomposition is that due to the heterogeneous reaction, 
i.e. the decomposition which takes place on the surface of the containing vessel. 
The degree of decomposition on surfaces differs considerably with the composi- 
tion of the surface, i.e. type of material and also the condition of the surface. 
Some materials are more active than others in promoting decomposition; a 
smooth surface is generally less active than a rough surface. 

The amount of decomposition is related to the area of the surface, and there- 
fore it is usual to express the decomposition in terms of H,O, decomposed per 
unit area in unit time at a standard temperature. 

Among the more inactive surfaces are those of glass, quartz, and certain 
synthetic materials but, with the possible exception of the latter, these materials 
are not always suitable for construction purposes. However, the surface 
activity of aluminium and certain types of aluminium alloy, e.g. magnesium 
aluminium alloys, is not very much greater than that of glass under normal 
conditions, and therefore, we find that these materials are used extensively in 
the handling and use of hydrogen peroxide. 

The above statements must be qualified by reference to the purity of the 
solution in contact with the material. For example, considerable decomposition 
may take place in glass vessels if, as may happen, sufficient alkali is dissolved 
from the glass to neutralise the minute trace of acidity in the solution and, as a 
result, the solution becomes unstable. This effect in glass vessels is not likely 
to result if the hydrogen peroxide be impure, due to the presence of traces of 
acid. On the other hand, if the hydrogen peroxide solution is in contact with 
metal surfaces and is slightly acid, it may dissolve the metal giving cations 
having pronounced activity. This can be illustrated by reference to copper 
which, in contact with commercial solutions of hydrogen peroxide containing 
traces of acid, is rapidly corroded, giving copper ions in solution and rapid 
decomposition. In contact with pure solutions, however, copper is only slowly 
attacked, and the rate of decomposition is not so much increased. 

It is important to note that the total decomposition caused by the hetero- 
geneous reaction is dependent upon the ratio of the surface area in contact 
with unit volume of solution and, therefore, with large containers which have 
a low surface/volume ratio, the total decomposition due to this factor is less 
than that for small containers, where the surface/volume ratio is greater. 

Mention. has often been made in the literature to the decomposition caused 
by dust particles in hydrogen peroxide. _ It has been definitely established that 
certain types of suspended matter do promote decomposition, even though the 
amount is small and not readily visible. In fact, certain types of stabilising 
substances are assumed to function because they neutralise the effect of sus- 
pended matter. 
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Fic. 3. Stability of 80/90 per cent. Hydrogen Peroxide at 20° C. and 40° C. 
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Fic. 4. Stability of 80/90 per cent. Hydrogen Peroxide at 96° C. 
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It is well known that the rate of decomposition of hydrogen peroxide 
increases with increasing temperature. The rate of decomposition is doubled 
for every 10°C. rise in temperature, and the effect of temperature becomes 
particularly noticeable at 50/60°C. However, solutions of hydrogen peroxide 
can be stabilised so that there is little decomposition under most conditions 
when stored at temperatures up to 40° C. (see Fig. 3). The stability at 96° C. 
is shown in Fig. 4. 

Decomposition may be promoted by light, t.e. photo-chemical reaction, but 
this is usually of less practical significance than the other factors since it is 
unusual for the solution to be exposed for any length of time to actinic 
rays. 
Thus stability is mainly dependent upon the purity of the solution, the 
surface in contact therewith and the temperature to which it is subjected. 
These factors operate with both stabilised and unstabilised solutions. 

There are many references to substances which are claimed to be stabilisers 
or negative catalysts, but by modern standards it would be difficult to sub- 
stantiate many of the claims. The majority of substances recommended are 
organic compounds, but only a few of these are now considered to have high 
stabilising properties, and their action is usually more effective in the lowstrength 
range. The Germans claimed to have discovered a new organic stabiliser, 
8-hydroxyquinoline, which was said to function because of the facility with which 
this substance forms complexes with certain ions, particularly aluminium, 
a metal used for containers. 

Among inorganic stabilisers, the best known are the phosphate compounds, 
particularly sodium pyrophosphate. 

One factor generally accepted is that the solution must be slightly acid, 
but for the pure high-strength solutions, the degree of acidity is very low, of the 
order 0-5 milli equivalents per litre for 90 per cent. pure solutions compared 
with 20 milli equivalents for the 30/35 per cent. commercial solution. 

It is common practice to use two or more stabilisers and, in fact, for the most 
stable of the German products three substances were added, phosphoric acid, 
sodium acid pyrophosphate and 8-hydroxyquinoline. 

Probably the most important factor which has improved the stability of 
hydrogen peroxide is the improvement in the purity of the solutions now 
produced. One American manufacturer claims to have produced a solution 
sufficiently pure to be stable without any addition of a stabiliser. 

The actual study of the stability question from the practical point of view 
is not simple owing to the difficulty in obtaining reproducible results. This is 
probably due to the fact that the final stability of the solution is the result of 
the combination of the factors outlined above. Figures quoted for stability 
should indicate the conditions under which they have been obtained; for 
example, the size and material of the container, the temperature of storage and 
the purity of the solution. It is the lack of reference to these factors which 
makes many results given in the literature of little value. 

By modern standards, for practical conditions of use or storage, a loss of 
1 per cent. in strength, i.e. drop from, say, 90 per cent. to 89 per cent. may take 
place over one year at temperatures normally experienced in this country, 
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30-90° F. This loss is increased when stored under tropical temperature 
conditions, when losses of, say, up to 2 per cent. may be expected over six 
months at 104° F. 


Corrosion Problems 


It is common practice, in studying the suitability of materials for use with 
chemical compounds, to carry out corrosion tests under conditions comparable 
to those experienced in practice. Further, it is usual to judge the suitability 
of the material by the loss in weight per unit area as well as by the effect on the 
material. For many purposes, small though measurable losses in weight of the 
material may be acceptable, since the material may have a sufficiently long life 
and the dissolved ions have little effect on the fluid in contact. 

In the case of hydrogen peroxide, however, it is often necessary to reject 
a material more on account of the dissolved substances than of the actual degree 
of corrosion as measured by loss in weight since, as will now be appreciated, the 
presence of even micro quantities of certain dissolved ions appreciably acceler- 
ates the rate of decomposition. 

It has already been stated that commercial solutions of hydrogen peroxide, 
although comparatively pure, do contain sufficient traces of acid to corrode or 
dissolve certain metals, whereas pure solutions may have better effect. Thus the 
suitability of the material for pure solutions depends more frequently upon the 
extent of the surface decomposition reaction than on the degree of corrosion. 
Since the degree of corrosion with pure solutions is so small, it is not easy to 
correlate the degree of corrosion with the H,O, concentration. 

It is also necessary to decide the suitability of the material according to its 
proposed use. For example, a substance which has a high surface decomposi- 
tion factor with satisfactory corrosion resistance may be suitable for certain 
parts of an apparatus where the hydrogen peroxide is in contact with the metal 
for only a short time, provided the hydrogen peroxide is to be used, i.e. decom- 
posed or reacted, immediately after contact. On the other hand, if the material 
is to be used for storage, it must have a low surface decomposition factor as well 
as a satisfactory resistance to corrosion. Therefore, whereas some grades of 
stainless steel may be suitable for certain pump or valve parts, they would be 
unsuitable for long-term storage tanks. 

It is in any case unwise to allow even small quantities of hydrogen 
peroxide to be retained within a unit made of material having a high surface 
decomposition factor; in this case it is advisable to provide suitable draining 
facilities. 

It is also important to bear in mind that if the hydrogen peroxide is allowed 
to come into contact with certain unsuitable materials, even for short lengths 
of time, the solution may be rendered unfit for subsequent long-term storage 
even in a suitable container, since the original contact may have promoted 
instability. 

It is therefore necessary to refer results quoted for the suitability of a material 
for hydrogen peroxide to the purity of the solution, the degree of corrosion of the 
metal, the amount of decomposition occurring and the use for which it is 
suggested, in addition to such factors as temperature, etc. 
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In carrying out corrosion tests, it is advisable to guard against photo- 
chemical decomposition, since this, in some cases, may be greater than the actual 
surface decomposition. e 

The most suitable metal for pure hydrogen peroxide solution is aluminium, 
preferably of 99-5 per cent. or higher purity and, therefore, storage tanks are 
almost exclusively made of aluminium. The magnesium aluminium alloys 
containing up to 7 per cent. magnesium show good corrosion resistance with low 
surface decomposition factors and, since these alloys have a greater mechanical 
strength than aluminium and better working properties, they may be used for 
castings and machine parts. The aluminium silicon alloys are not so satis- 


‘factory as regards corrosion resistance and surface decomposition, but are 


sometimes used. 

Stainless austenitic steels generally show good resistance to corrosion but 
often have a high surface decomposition value which makes it unwise to use 
them for storage containers. The suitability of these steels can be improved by 
acid pickling or by imparting a high polish to the surface. Such materials, 
therefore, find application in equipment for handling hydrogen peroxide, 
e.g. pumping. Corrosion tests have indicated that tin, nickel and heavily 
chromium-plated surfaces may find application for short-term contract. 

Of the unsatisfactory metals, mention should first be made of lead, which 
promotes violent decomposition with high-strength hydrogen peroxide. Copper 
or copper alleys are unsatisfactory owing to the destabilising action of micro 
quantities of copper ions. Mild steel and iron, whether wrought or cast, are 
rapidly oxidised and cause decomposition. 

Some of the modern synthetic materials show considerable resistance to 
corrosion and have low surface decomposition factors. Both plasticised and 
unplasticised polyvinyl] chloride is usually satisfactory with minor differences in 
behaviour according to the plasticiser used. Typical suitable grades of poly- 
vinyl chloride are Koroseal and the German Mipolam and Vinidur. Polythene 
(or alkathene) shows behaviour similar to polyvinyl] chloride, whilst polystyrene 
and possibly butyl rubber also give reasonably satisfactory results. Methyl 
methacrylate (Perspex) is fairly satisfactory for, say, 30/40 per cent. hydrogen 
peroxide solutions, but is not always suitable for higher strength solutions. 

Natural rubber is usually readily oxidised, even with comparatively low- 
strength solutions. 

Many efforts have been made to provide a suitable non-active or non- 
corroding surface by spraying surfaces with certain metals or synthetic materials, 
but, so far, no great success has attended this work since the films are usually 
sufficiently porous to allow the hydrogen peroxide to penetrate, causing surface 
decomposition, and eventually “‘lifting’”’ the film. 


Packages 

It will be gathered from the above that special types of closure are necessary 
for storage containers since there is always some decomposition, however slight, 
and always the possibility of contamination with active catalysts. Thus, unless 
the oxygen liberated is allowed to pass out of the container, dangerous pressures 
may build up, with ultimate bursting of the vessel. The necessity for such 
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closures complicates the transport problem and, therefore, much thought and 
effort has been given to the design of the closure. A typical pattern comprises 
a perforated domed screw cap. To prevent splashing of liquor into the cap a 
perforated tube is provided, closed at the bottom and filled with small Raschig 
rings. 

With the high-strength product, splashing of the liquid must be avoided, as 
it may cause ignition of organic matter with which it comes into contact, 
resulting in serious fires. 

With the exception of small quantities normally required for experimental 
work, and for which a suitable glass container is used, the transport of high 
strength hydrogen peroxide is invariably in aluminium containers. These 
containers include large rail tanks of about 20 tons capacity, road lorry tanks 
of 2 to 3 tons capacity and drums 100 to 400 Ib. capacity. 


Physiological Action 


High strength hydrogen peroxide forms small white blisters on the skin, 
even if in contact for very short periods. The white blisters irritate but have 
no permanent effect if the peroxide is washed off with water immediately. If 
this is not done there is a likelihood of the skin being blistered as in an ordinary 
burn. In the case of the eyes there may be a more rapid attack and, therefore, 
particular care must be taken that no splashes enter the eye; for this reason 
goggles should be worn. It is important that a good water supply is always 
available when handling high strength hydrogen peroxide and if any is spilt on 
the clothes or on the body it should be washed off immediately. The important 
point about this is not so much washing off the peroxide as diluting it to a 
harmless strength. 

Neither the vapour nor the liquid is toxic, so that, apart from the risk of 
burns, high strength hydrogen peroxide can be handled with safety. 


We have to thank the Directors of Laporte Chemicals Limited for permission 
to give this paper, and we would also like to thank various members of the staff 
for their collaboration, particularly Messrs. C. O. Bishop, G. Clennett and 
W. R. Holmes. 
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“BRAINS TRUST” 


The meeting of the Society in London on March 5, 1948, was devoted to a 
session of questions and answers, the ‘““Brains,”’ on this occasion, consisting of 
Mr. J. Humphries, B.Sc., G.I.Mech.E.; Mr. M. W. Ovenden, B.Sc., F.R.A.S., 
Mr. A. C. Clarke and Mr. R. A. Smith. After each question, the meeting was 
invited to participate in additional discussion, and a number of these answers 
have also been included. 

Unfortunately, shortage of time prevented the discussion of many of the 
questions, but following is a selection of those which have a fairly wide interest. 


Q.—What is the cause of the aurora? Is it likely that other planets also have 
their aurora? 


A.—The phenomenon itself is the emission of light when electrons enter the 
systems of ionised atoms of the Earth’s upper atmosphere, but the underlying 
cause of the effect is still imperfectly understood. It seems reasonably certain 
that the cause lies in something which enters the Earth’s atmosphere from out- 
side. Stérmer’s theory is that this agency is electrons, or other charged particles, 
emitted from the Sun, possibly from localised regions of its surface. These 
particles, on entering the Earth’s magnetic field, spiral along the lines of force, 
and cause the auroral radiations in high latitudes. Another important theory, 
which also attributes the latitude effect to the Earth’s magnetic field, is that 
atoms in the Earth’s upper atmosphere are ionised by ultra-violent light from 
the Sun, drift to the polar regions, and there recombine with the emission of 
light. Auroral displays show a marked correlation with the sunspot cycle, as 
do magnetic phenomena arid radio fade-outs; recent work has indicated that 
these effects are actually correlated, not with the sunspots themselves, but with 
bright “solar flares’’ which are frequently, but not necessarily, associated with 
sunspots. Possibly they are also the origin of the agency causing aurore. 

To answer the second part of the question, it is seen that for auroral displays 
we require both an atmosphere and a magnetic field. Of the latter property for 
other planets we have no knowledge, although it seems likely that they will 
posess fields on a similar scale to that of the Earth. Presumably, also, the 
nearer the planet is to the Sun, the more likely will it be to show auroral 
effects. - We would thus certainly expect Venus, which has an extensive atmo- 
sphere, to have aurore. Mars, also, would seem to stand a fair chance. It is 
very doubtful whether Mercury, with its small mass and high temperature, 
could retain a sufficient atmosphere, and personally I have some doubts about 


the major planets also, but conditions here are much more uncertain. 
M. W. O. 


Q.—What is the earliest known serious work on interplanetary travel? 


A.—To coin a phrase, that depends what you mean by “serious work.” 
Clear conceptions of some o. the technical problems of space-flight were given 
in 1865 in Achille Eyraud’s Voyage a4 Venus, and Jules Verne’s De la Terre a la 
Lune. Both mentioned the use of rockets as the only means of propulsion in 
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vacuum, and the calculations for Verne’s space-gun were made by his brother- 
in-law, a professor of astronomy. 

The first serious technical studies of the subject, according to Willy Ley, 
were those of Ziolkovsky, who as early as 1895 had visualised the use of liquid- 
fuel rockets for the propulsion of spaceships. Over the next two decades he 
published many papers on the subject, and was much honoured in Russia by 
the time of his death in 1936. It is interesting to note that he also employed 
scientific fiction to spread his ideas, one of his works being a novel called 
Outside the Earth. 

The first work to put astronautics on the scientific map was, however, 
undoubtedly Herman Oberth’s Wege zur Raumschiffahrt (1923: revised and 
enlarged 1929). This was the first major scientific study and is still in many 
ways the most important book on the subject of astronautics. 

Equal credit must go to Professor Goddard who, in many ways anticipated 
Oberth. A method of Reaching Extreme Altitudes (1919) contains many calcula- 
tions on the subject of projecting rockets from the Earth and to the Moon. 
(Even down to the amount of flash-powder needed to make a visible display.) 
Goddard, however, did not commit himself to making prophecies about 
space-flight: it would be very interesting to know what were his personal views 
on the subject. A. C.'C, 


Q.—How could you regulate the temperature of the cabin of a space-ship? 


A.—In the first case one assumes that the walls of the cabin would be 
double-skinned, silvered inside and out to reduce the rate of uncontrolled heat 
transfer. In the shadow of a planet heating would be required, but in open space 
the gain of heat from the sunlight would offset the radiation from the hull, unless 
the ship was turned into an attitude where heat is received over a small part of 
the total area of the hull. 

Under normal working conditions, inside the orbit of Mars, it would be 
essential to lose heat, and this could be done by passing the air through com- 
pressors connected with radiators situated in suitable positions outside the ship 
so that the heated gas is passed through a radiator screened from the rays of 
the Sun. Here the compressed air would radiate its heat away, and after 
decompression, would be returned to the cabin. 

Suggestions have been worked out for the removal of the Carbon-dioxide 
pollution in the same cycle, by making use of the fact that the CO, has a higher 
freezing point than oxygen or nitrogen. The radiators would be allowed to fall 
to the temperature at which CO, is deposited, by controlling the rate of flow. 

This system would have the disadvantage that there would be considerable 
heat loss, and a refinement would lie in separating the CO, by first bubbling the 
polluted air through water at high pressure, then opening a port to vacuum, 
reducing the pressure to the point where the CO, boils off, as it boils off before 
the water. This system requires an arrangement of valves and by-passes, with 
electrically-operated solenoids automatically controlling the pressure regulating 
valves. Ina spinning ship, the radiators would be screened from the direct gaze 
of the Sun by louvres, controlled by photocells. 

It must be pointed out that the pressure cabin should be kept as small as 
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possible, to minimise uncontrolled heat transfer, and reduce vulnerability to 
leaks or punctures. Under these conditions the heat radiated by the bodies of 
the crew, and all the machinery will be considerable. Portholes and windows 
should be kept as small as possible. The important consideration is to keep the 
rate of heat transfer as small as possible, so that the heating or ss | required 
to maintain stability is reduced. R.A. S. 


Q.—Must the discovery and perhaps the production of gravity neutral and 
gravity repellant particles be thrust astde as being completely out of the question? 

A.—Our fundamental knowledge of gravitation is almost nil and so far all 
attempts to fit gravitation into a general theory with electromagnetism have 
failed. Under the circumstances, therefore, it is impossible to decide whether 
or not, there could be particles behaving in an anomolous manner in the gravita- 
tional field. Indeed, nearly all our direct observations on gravitational 
phenomena, have been confined to matter in bulk. We know of no agencies 
which could cause matter in bulk to be repelled or cease to be attracted by other 
matter having ’a gravitational field. In fact, all the evidence so far available 
indicates that no polarity is involved in gravitational attraction. 

The possibility of escaping from the Earth by methods other than rocket 
propulsion certainly does exist, at least in theory. This is because the Earth 
possesses a magnetic field and behaves like a magnetic dipole. Now such a 
magnetic dipole possesses a magnetic potential energy field throughout the space 
surrounding it. If another dipole is situated with its axis parallel, and with like 
poles pointing in same direction as the Earth dipole, then it will possess a 
positive potential energy due to the magnetic field, t.e. it will be repelled from 
the Earth dipole. If the positive magnetic potential energy of the dipole 
exceeds in magnitude the negative f.e., which the dipole possesses by virtue of 
the gravitational attraction, then the dipole would not be bound to the Earth. 
It remains to be seen whether,such a method would prove practicable or 
whether it must remain purely academic. L. oo 


Q.—Would the skin of the spaceship provide sufficient protection against 
harmful solar radiations? 

A .—This is a question which I am afraid I cannot answer with any certainty. 
I have never seen a satisfactory treatment of this problem. The answer, of 
course, depends on what sort of density of energy there is radiated in these high- 
energy wavelengths, and little is known with certainty about these really 
short-wave radiations from the Sun. The only line of approach would be the 
assumption of black-body radiation for the Sun. I am not sure offhand what 
sort of result calculations on these lines would give, but in any case they could 
not be relied upon, as recent intensity measures in the radio wavelengths have 
appeared quite inconsistent with the black-body radiation supposition. 

M. W. O. 


No radiation coming from the Sun could possibly penetrate a spaceship’s 
skin of perhaps 5 mm. thickness of Al. For any appreciable penetration, the 
radiation would need to be in the hard X-ray region > 10 kev.—no such 
radiation can come from the Sun in appreciable quantities owing to the great 
self absorption of the Solar material. L.R.S. 








158 “BRAINS TRUST” 





Q.—Could radar assist in finding out details of the topography of Venus and 
Mercury? 

A.—There are two ways in which we can imagine radar being used for 
planetary research: (1) from stations on Earth, and (2) from sets aboard space- 
ships. Although radar is a very accurate means of measuring distances, its 
angular resolution is very poor. For example the finest radar beam so far 
produced has about one-fifth of the angular width of the Moon, and so would 
be useless even for mapping our satellite. In this way radar will always be far 
inferior to light, when the latter can be used. But it might be employed, as Sir 
Edward Appleton has suggested, for measuring the heights of lunar mountains, 
since the echoes from the peaks would return before those from the plains. 
Modern radars can distinguish between distances of the order of five feet, so 
this is certainly theoretically possible, though the practical difficulties would 
be great. 

The best that a radar transmitter on the Earth could do, as regards the 
planets, is to measure their distances, possibly with a greater accuracy than 
by any other means. It might also be possible to tell, from the strength of the 
returning echo, whether Venus was dry or water-covered. In the latter case 
the echo would be much greater. 

The most interesting use of radar would be the mapping of Venus through 
her cloud layer from a spaceship orbiting the planet. Such a survey, with 
equipment similar to that used by bombers for blind navigation during the 
last war, would enable a very good map of the planet to be made, even down to 
contour lines. 

I can think of no other major use of radar in astronautics: the popular 
superstition of the radar “meteor-detector’’ I have already dealt with in 
“Electronics and Space-flight.” A. C.& 


Q.—In a spacestation how would you counteract the reactions tending to wobble 
it in its orbit, arising from things being moved, people walking about, etc.? 


A.—There is a slight misconception’here.. This is really two separate 
questions. Firstly, movement of things inside the station, secondly moving of 
the station in its orbit. 

The movement of anything inside the station cannot result in the change of 
position of the centre of gravity of the ship, and could not affect its orbit, only 
its attitude. The centre of gravity of the ship will trace out the orbital path, 
and the movement of anything in the ship from one position to another must 
produce some change in attitude, such that the C.G. retains its original path. 
When the person or thing returns to the original position, the attitude of the 
ship will revert to the original condition. 

This could be looked after by having a pilot gyro which monitors a system 
of flywheels, mounted so that they revolve in the three planes of space, and 
causes the appropriate flywheel to counter any tendency to roll, by accelerating 
the wheel in the right sense. The slight displacement required to accommodate 
people walking about would then be reduced to very small dimensions, and 
would not affect telescopic or other observation. 
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Disturbance of the orbit could be produced by the gravitational forces 
exerted by other bodies in the vicinity. Corrections to the orbit could only be 
effected by applying the suitable reaction impulse, ejecting some mass, either 
solid, gas, or liquid, in the appropriate direction at the appropriate velocity. 
The correction required would need very small changes of velocity or direction, 
and the forces would be very small, imposing insignificant loads on the structure. 

It is quite clear, however, that it is not possible to expect that a space- 
station could be placed in an orbit and just left there, unattended. Any change 
of velocity must be accompanied by some slight loss of mass, and it would 
become necessary to repienish the fuel for this purpose from time to time. 

It might be necessary to have some system of pumping fluids from one 
control tank to others situated at strategic points, but I am inclined to think 
that this is unimportant, providing the attitude is stabilised. Small space- 
stations would be very unstable. There is probably a minimum practical size. 

R.A. S. 


Q.—On landing on a planet, how would you know tf the surface was sufficiently 
hard and smooth to support the ship? 

A.—I feel that to a great extent one would not know. It is possible that 
radar observation from the space-ship might give a limited degree of informa- 
tion, but as far as observations with present methods go, few facts can be given, 
with any degree of certainty. For example, in the case of the Moon, radiometric 
observations indicate that the top layers of the lunar surface have low thermal 
conductivity, and it has been suggested (and it is little more than a suggestion) 
that this top layer may be volcanic ash. M. W. O. 


Q.—If a regeneratively cooled motor returns the heat transferred to the coolant 
hack into the gases inside the chamber, how does it function at all as a cooling 
mechanism? 

A.—The object in cooling the combustion chamber and nozzle of a rocket 
motor is to provide thermal equilibrium for sustained periods of operation. 
The wall temperature must be held at a value which is safe structurally. The 
temperature of the outer surface of the wall, and hence the average wall temper- 
ature can be considerably reduced by passing a coolant around the outside. , 
In a regeneratively cooled motor either the fuel or oxidant can be used as the 
coolant. The heat so transferred is reintroduced into the chamber, but as 
the amount is only 1-2 per cent. of the total amount in the jet the cycle temper- 
tures are only slightly raised. J. 8. 

Q.—What steps would the Brains Trust take in the event of a militant invasion 
of the Earth by Martians? 

A.—Long ones. A.C. C. 

A.—Distribute B.I.S. Membership Forms. L. R. S. 

A.—Push Arthur Clarke to the front. L. J.C. 


A.—It would be of very great annoyance to have been anticipated in space 


flight, but I think we ought to make them Honorary Fellows of the Society. 
A MEMBER. 


‘ 
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EXPENDABLE ROCKETS 


By KENNETH W. GATLAND 
Step Rocket: A rocket comprised of independent sections, each having 
separate engine and propellant, which fire successively and jettison when 
expended. 

The above is the normal definition, but it is intended later in this paper to 
introduce a conception of step design in which there is one engine deriving its 
power from propellant in expendable tanks. 

The three principal advantages of step construction are: (@) that “‘dead- 
weight” is reduced by the jettisoning of the spent sections; (5) that each section 
starts with the velocity attained by the impulse of the preceding sections; 
and (c) that each new section to fire does so at an improved altitude, gaining 
progressively better operating efficiency in air of decreasing density. 


Historical 

It is surprising to learn that the “step’’ idea was abroad long before Oberth 
and Goddard featured ‘it in their early theoretical studies. There is, in fact, 
evidence of a kind of step-rocket firework as far back as 1700, though the 
sectional arrangement then was used not to improve range but to evoke a better 
display from small rockets which fired from the sides of the parent. 

Serious applications, however, may be said to have begun with the develop- 
ment by Colonel Boxer at the Royal Laboratory, Woolwich, in 1855, of the 
two-step life-line rocket shown in Fig. 1. 





7 BURNING. POWDER Sten SG .ONc 





wooosn nose POWwOER OF STICK LE LINE 


METAL SHEATHED 


Fic. 1. Boxer Life-line Rocket (1855). 








The “Rheinbote” 

Apart from one or two war missiles using rocket boosters (such as the 
“‘Rheintochter’’), there appears to have been only one true step-design. This 
was the “Rheinbote,’’ a long-range rocket using solid propellant produced 
by Rheinmetall-Borsig, of which about 20 were fired from Zwolle (Holland) 
against Antwerp (Belgium) in November, 1944. 

Such particulars as are available give the total weight of the three actual 
steps and booster as 1,715 kg., including a 40 kg. warhead, with the final weight 








r to 
its 


ad- 
ion 
ns; 
ing 


rth 
ct, 


the 


)p- 
he 








EXPENDABLE ROCKETS 161 





KMS ALTITUDE 


80 


$6 6 & 8 8 





o—- oO 





—-10 20 30 40 SO 60 70 80 90 IO001I0 [20 130 I40 ISO 160 170 180 190 2002102 
RANGE KMS 


Fic. 2. Trajectory of Rh.Z. 61/9 Rheinbote. 
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on impact at target, 135 kg. The range of the early models was between 145 
and 160 kms., whilst later improved models were striking around 220 kms. 
from the launching point, and a new launching technique under development 
at the time of the surrender was understood to increase this figure still further. 

Table I and the two graphs (figs. 2 and 3) give all essential particulars of 
the rocket and its performance. 





TABLE 1 
CHARACTERISTICS OF RH.Z. 61/9 RHEINBOTE 
DIMENSIONS: 
Complete missile, overall length .. os SEM. 
Take-off booster, overall length .. i 1-9 m. 
Take-off booster, calibre .. Ry Sa 0-535 m. 
First step, overall length .. “ ry 3-5 m. 
First step, calibre .. wa .. 0-268 m. 
Second step, overall length | a a 3-5 m. 
Second step, calibre on ca -. 0-268 m. 
Third step, overall length .. we <3 4-0 m. 
Third step, calibre .. mike aia .. O19 m. 
WEIGHTs: 
Complete missile .. .. 1,715 kg. 
Propellant, diglycol- dinitrate (total me 585 » 
Take-off booster... a 695 » 
First step... ue ie ne ae 425 » 
Second step . ‘x ew 395 » 
Third step (including warhead) os <2 200 » 
Propellant, take-off booster SF ae 245 » 
Propellant, first step a ne on 140 » 
Propellant, second step... en oe 140 » 
Propellant, third step “a 60 » 
Explosive (warhead in third step) ne 40 » 
IMPULSE: 
Take-off booster... ne ee .. 38,000 kg.—secs. 
First step .. = es be .. 28,000 » ” 
Second step .. ms es af .. 28,000 » 
Third step .. ee - oP .. 12,000 » 
RANGE: 
Maximum (at 65° elevation) He me 220 km. 
VELocITY: ; 
Maximum (final step) ss aa .. 1,640 m/s. 











Sequence Ignition 


The method originally adopted for launching (as seen in the last reel of the 
film, ‘Development of Rocket Flight’’), was for the weapon to be fired from 
rails. A powder booster similar—though smaller—to the one used for the 
“‘Rheintochter R.I.”’ cleared the rocket from the launcher, propulsion being 
taken over by the first step as it jettisoned. 

The ignition sequence was obtained as follows: In the case of the take-off 
booster, the charge was fired electrically by means of a threaded primer, whilst 
firing of the three main steps was performed by a clockwork fuze sensitive to 
acceleration. A composition of flash-light powder and nitroglycerine as a 
combustion initiate, together with a burning charge of black-powder with 


aluminium, ensured safe ignition at any temperature, velocity and altitude. 
° 
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Detonation of the warhead was achieved by a percussion fuze likewise 
specially developed which rendered premature detonation impossible. 

The method of joining the steps was both simple and effective. The head 
of each step was an open cylinder which telescoped between the nozzle and 
outer shell of the next (see inset in Fig. 3) so that at the time of separation, there 
was a definite explosive action as the jet pressure built up between and blew them 
violently apart. 

Long-Range Rocket Artillery 

The rail type projector was mounted on a heavy trailer and the construction 
both of this vehicle and of safety devices for all fuzes permitted the rocket to 
be driven to the launching site fully charged. Elevation was by means of a 
hydraulic tilting mechanism, operated either by a built-in motor or by hand, 
with manual alignment in the lateral plane. Each trailer was furnished with 
a crane for loading and the rocket was guided in the slip-way by two sliding feet. 

If charging was done at the launching’site, it took approximately 30 secs. to 
load and fire. 

This method, however, did not prove altogether satisfactory, due mainly to 
the relatively slow initial acceleration of the rocket which did not make for 
a sufficiently accurate trajectory. 

Increased stability was sought in rotating the rocket prior to flight, and 
experiments were performed with small-scale models, but the results did not 
justify further work. There remained, however, the possibility of achieving 
a spin during flight by setting the fins, and though this did not suffice for spin 
stabilisation, it did compensate for the lack of symmetry caused by the simple 
method of manufacture. 

Eventually, a programme of experiments begun to increase the initial 
acceleration, led to the outcome of rocket-firing guns. 

There were two types scheduled for development, one static, similar to a large 
mortar, the other a portable “recoilless” model on a wheeled chassis, illustrated 
in Fig. 4. In both cases the method of firing was fundamentally the same in 
that a starting cartridge fitted aft of the ‘““Rheinbote’’ in the barrel replaced 
the open type booster. The firing of this charge exerted a tremendous pressure 
behind the rocket to drive it from the gun with a muzzle velocity of about 
240 m/sec. 

The Closed-Breech Launcher 

The mortar-type launcher had a calibre of 85 cm., and a closed breech 
with a heavy steel base-plate 6m. x 6m. set into the ground to resist the 
impact of 1,117 tonnes from the firing of the 400 kg. cartridge. This initial 
force imparted to the ‘“‘Rheinbote” a muzzle velocity of 240 m/sec. within 
15 metres from rest. Acceleration was limited to 4,700 m/sec.? to prevent 
collapse of the rocket walls. 

Elevation for maximum range was 65 degrees. 


“Recoilless” Launching 


In the second model, both the barrel and its mounting could be transported 
on one 40 tonne carriage, whereas two were required for the mortar type. 
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To obtain the desired mobility, it was found impossible to maintain the 
closed breech and this was replaced by a venturi, which allowed the gases to 
escape directly from the rear, thereby annulling most of the launching shock, 





Fic. 4. ‘‘Recoilless’’ Launching Gun Projected for the Rheinbote as a means of 
increasing the Initial Velocity. 


In this case the advantage of lower powder consumption in the previous 
model was sacrificed, and toreduce the barrel weight and to improve the efficiency 
of the venturi, the calibre was reduced to 50 cm. Some modification to the 
rocket itself was involved, affecting the cartridge base, fins and guiding cross. 

The mounting arrangement this time was a trifle more complicated. Eleva- 
tion (again to 65° for full range, with a traverse angle of 15° either side) was 
obtained by gears, and firing was direct from the wheeled mount. Outriggers 
were provided near the rear to improve the lateral support. 

Though neither type launcher was used operationally, highly satisfactory 
results had been obtained in small-scale tests. 
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n the First Steps into Space 
ses to Who will be the first to reach space with a guided missile seems a matter 
hock, for the U.S. Army and Navy to decide. The Navy’s “Neptune” rocket is 


expected to take instruments more than 350 kms. into the upper atmosphere, 
and plans are afoot to launch small secondary rockets to heights of from 300 
to 1,000 kms., using rockets now available as the primary carriers. News of 
trials of such rocket combinations, we gather, may be expected from the Army 
Department at any time. 

Competition between the U.S. Service Departments has always been keen, 
and it will be interesting to watch developments in the respective programmes, 
if that is possible in these guarded times. 

In view of the extreme secrecy which exists in all branches of military 
research, the progress that has been made in the U.S. since the war is difficult 
to assess, though one suspects that most energy has been devoted toward 
making rockets that turn horizontal. 

Certainly vast sums have been poured into the development of guided 
missiles, rivalled only by the expenditure on the atomic bomb, and if Glenn 
L. Martin’s recent statement that the U.S. now plans rockets capable of travel- 
ling several thousand miles can be relied upon, then it seems likely that something 
very similar to the A-9/A-10 project is envisaged. Von Braun’s original 
calculations, it will be recalled, gave the point-to-point range of the boosted 
A-9 as 5,000 kms. 

From purely engineering considerations, it can be shown that it is possible 
to construct step-rockets to-day which are capable of gaining release from the 
Earth. A recent paper by Malina and Summerfield! may be referred to, in that 
it gives ten examples of such missiles for which the calculations are based on 

three different chemical propellants—acid-aniline, oxygen-ethanol and oxygen- 
x hydrogen. The characteristics of the rockets are summarised in Table 2. 


TABLE 2 


STEP-ROCKETS WITH SMALL PAYLOADS TO REACH “‘EscAPE VELOCITY,” ACCORDING 
TO MALINA AND SUMMERFIELD 



































| struc- | Firing | Pay- | Thrust | Estim. |, Estim. 
Example Propellant |No.of| tural Pay-load Time Mass 'Gross Mass} First ~—- Length | Hull Dia. 
No. Combination | steps, Factor Ratio (Sec.) (Kg.) | (Kg. x 10°) | (Kg. =x 10°); (metres (metres) 
1 Acid-aniline 5 | 0-25 | 0-104 200 4-54 | 373-0 1,360 39-6 3-96 
2 Acid-aniline pt 0-25 | 0386 400 4-54 61-7 159 21-3 2-13 
3 Acid-aniline 025 | 1-000 400 4-54 16-8 -- -- _ 
4 Acid-aniline 10 | O20 | 0-425 400 +54 | 236 61-7 15-5 1-55 
. 5 Oxy-ethanol 5 0-25 O15 | 200 4-54 BO-8 204 216 2-16 
10US ti Oxy-ethanol 10 0-25 | O432 | 400 4-54 20-0 53-5 15-9 1-59 
ncy 7 Oxy: ethanol 5 0-20 | 207 200 4-54 118 47-2 13-4 1-34 
ncy 8 Oxy-hydrogen| 5 0-33 0-260 200 4-54 3-76 18-2 12-2 1-22 
the 9 | Oxy-hydrogen| 5 0:33 | 0-260 200 | | 45-4 37-6 182 26-2 2-62 
10 | Oxy-hydrogen| 10°] 0-33 0-532 400 15-4 | 25-0 72-6 22-6 2-26 
Ss. 
va- . ; 
ie The case of course is best presented by the oxy-hydrogen conception, as 
ers providing the highest exhaust velocity (3,660 m/sec. average), though the 
advantage is clearly reduced by the low density of this propellant and the 
ory necessity for providing heavier tank strictures than in the case of the denser, 
| low-performance propellants. A structural factor of 0-35 has accordingly 
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been taken for oxy-hydrogen rockets as against 0-25 for acid-aniline rockets 
(except for one more optimistic case where the figure is 0-20), the latter repre- 
senting what we may term the “‘standard’’ propellant and evaluated on the 
basis of the A-4. 





Fic. 6. The Rheinbote Loaded Ready for Elevation and Firing from an “Open” 
Type Launcher.* 


Step Rockets and Atomic Energy 


What may be safely concluded is that non-expendable rockets could not at 
present be made to reach “escape velocity.’’ Furthermore, the development 
of such rockets is likely to be a lengthy procedure unless we assume early and 
satisfactory results from the release of heat energy in a nuclear process. It is 
anticipated that some such element as hydrogen (with a low molecular weight) 
would be used as an inert secondary fluid for the production of much higher 
exhaust velocities than are available from purely chemical reactions, in accord- 
ance with L. R. Shepherd’s observations.2. The great advantage here is that 
a large enthalpy drop could be realised without incurring restrictive chamber 
temperatures. 

However, even allowing the development of some form of atomic propulsor, 
it is by no means certain that true space-flight (such as a first expedition to the 
Moon) will become practicable without step design. In fact, so long as the 
expended sections can be returned to the surface without causing too much 


* Reproduced by courtesy of the Ministry of Shpply. 
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distress to the populace, there seems no reason why steps should not be em- 
bodied, whatever the outcome, to improve the economics of early space-flight 
projects. 

Another factor that may influence us toward an expendable rocket arrives 
when we consider /anding. Any reduction in the overall mass of hull will 
obviously facilitate a stern-first alightment, as besides achieving a certain 
economy in propellant it would decrease the risk of toppling and make for a 
more compact landing gear. 


The Expendable-Tank Step Rocket 


Since the weight of motors and shielding in atomic rockets would be pro- 
hibitive in the normal step arrangement (to say nothing of the hazards in 
casting away radio-active plutonium piles), the method of construction outlined 
in Fig. 5 is advanced as a possible solution—for a piloted circumnavigation of 
the Moon. ; 

The rocket here conceived is a five-step arrangement with one power 
unit using propellant drawn from tank sections which expend successively 
from the nose. Each section embodies two half-cylindrical tank bays. (Pro- 
viding a means of balancing pressure was incorporated, these could be perfect 
cylindrical pressure vessels whilst mounted in the rocket, with each tank bay 
backed by a light diaphragm and the two clamped together, using explosive 
ties along the joins). 

For stability, to achieve release of the “‘steps,”’ and to provide an “artificial 
gravity,” the complete vessel is caused to rotate about its longitudinal axis. 


A is the main propulsion stage, deriving its power from the expansion of a 
gas of low molecular weight heated by a fission reaction in the chamber. 

Into this section propellant from the Ist, 2nd and 3rd stage tanks is auto- 
matically transferred (preferably undergoing at the same time a process of 
re-liquifaction) so that as its own propellant is drawn off by the motor it is 
replaced and both the 4th and Final stages achieve “release velocity” with 
tanks at capacity level. 

Since this is the working section throughout the entire flight, it embodies 
pumps and ancillary gear for the motors and services, and “‘reverse thrust’”’ 
motors for braking the vessel before its re-entry into the earth’s atmosphere. 


B is the Ist stage tank section and is the first to empty, whereupon its two 
component bays are disrupted and centrifugal force due to the vessel’s rotation 
throws them off. 

C and D are respectively the 2nd and 3rd stage tank sections which are 
similarly removed when their propellant exhausts. * 

E is the section used for controlling the vessel and returning it to the earth; 
it is removed before the final braking descent. 

F is the spherical cabin which houses the crew, controls, provisions, etc. 


It is attached to the main propulsion section during flight but can be jettisoned 
and landed by parachute once the vessel has returned to the atmosphere. 
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(It would be desirable for the crew to be disposed radially in their chamber, 
seated in adjustable “‘chairs” facing inwards, from which they could take control 
in turn. Rotation of the vessel would normally be ‘maintained at a predeter- 
mined figure at which the centrifugal force acting’on a datum line through 
each pilot’s body produces a radial acceleration approaching 981 cms./sec.* 
(1 g.): without it, the crew would experience “‘weightlessness’’ once propulsion 
thrust, or braking thrust, ceased. Flight would be under direct telecontrol 
from the earth, and the “chairs” would embody “‘over-ride”’ controls ; they would 
also be convertable so that the men could recline during “off-duty” periods. 

The device, known as a “‘stroboperiscope,’” developed by Messrs. Smith and 
Ross, would render a stationary external vision). 


Conclusions 4 

The above summary has been prepared to illustrate the Expendable-Tank 
concept in what would be its most favourable application (i.e. that of reducing 
the structural mass of a space-vessel as it accelerates up to gravitational release 
velocity), though it might conceivably be of interest for high-altitude and long- 
range rockets operating within the Earth's field. 

That there are formidable obstacles to be overcome before such a space- 
vessel emerges is accepted. The problems entailed in the operation of a nuclear 
reactor in atmosphere are perhaps not so widely visualised. 

One thing is certain: that four tonnes per second “**) of lethal exhaust is 
going to foul a very large area around and above the take-off point, and these 
effects may remain for weeks and be farther broadcast by winds. The most 
isolated spot on the globe, under these circumstances, may not be considered 
safe for launching. 

Chemical boosters appear to be the only solution—but the troubles are not 
limited to the Earth alone. If, for example, volcanic dust is much in evidence 
on the Moon (as is now considered likely), an atomic rocket retarding down on to - 
the surface must inevitably meet a radio-active dust storm set up by its own 
exhaust. 

If the answer is for both the take-off and descent to be made using motors 
operating on purely chemical reactions, then it is difficult to conceive that our 
first interplanetary rockets can be anything but step-rockets. 


REFERENCES 
(1) Malina and Summerfield: “‘The Problem of Escape from the Earth by Rocket,’’ 
Journal of the Aeronautical Sciences, August, 1947. 
(2) Shepherd: ‘‘The Problem of Interplanetary Propulsion,” B.I.S. Bulletin, November, 
1946. 
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NOTES AND NEWS 


Technical Sections 

A meeting of the Council took place on Ist May, 1948, to discuss the future 
of the Society’s Technical Committee and Technical Sections. In view of the 
fact that these Sections have not been able to function in the manner originally 
visualised, due largely to the continued lack of facilities for holding regular 
meetings, it has been decided not to retain the individual groups, apart from the 
Models Group, which will still be required in the future. 

The Council has adopted a further proposal to set up a comprehensive 
Technical Committee to act in an advisory capacity and the Technical Director 
has undertaken the reorganisation of the existing Committee to bring it in line 
with the new policy. 


Moon Televised 

Televiewers in Philadelphia and New York were recently able to observe 
the Moon telescopically, a 7-in. reflector being used to deliver the image to the 
television camera at the rooftop observatory of the Franklin Institute. As the 
amount of light available from the Moon is about 20 times the minimum re- 
quired, enlarged images of its surface can be televised. 

It is interesting also to recall that the Annular eclipse of the sun on 7th 
April, 1940, was successfully televised through a 4-in. reflector to viewers in the 
New York area. (Sky and Telescope, VII, 6, April, 1948.) , 


New Satellite of Uranus 

Harvard College Observatory Announcement Card No. 890 reports that a 
new satellite of the 17th magnitude was found to the planet Uranus on a plate 
taken at the McDonald Observatory on 15th February, and was confirmed on 
two plates taken on Ist March. It is closer to the planet than the four previously 
known satellites, and has a period of revolution estimated to be about 30 hours. 
It is not apparent visually, but has been readily photographed, with an exposure 
of 2 to 3 minutes. The number of known satellites in the Solar System is now 
29. 


Douglas “Skyrocket.” 

The U.S. Navy Department announced on 17th February that the Douglas 
D-558-2 “Skyrocket” high-speed experimental aircraft has successfully 
completed its initial flight tests at “relatively low speeds.’ (Inter Avia., 
Feb. 21, 1948, No. 1428.) 


New U.S. Navy Rocket 

A new long-range rocket developed for the U.S. Navy, the ‘‘Aerobee,” 
attained a height of 78 miles and a speed of some 3,000 m.p.h. in a trial at 
White Sands, New Mexico, on 5th March. It carried 150 lb. of recording 
apparatus and instruments for recording cosmic ray activity. A further 
20 “‘Aerobees”’ are to be used in tests under a joint U.S.A.F.-Navy programme. 
(Inter Avia, March 11, 1948, No. 1436.) 
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Death of Johannes Winkler 

We have recently received notification from Germany of the death at 
Breslau of Johannes Winkler, former President of the Vfr. and Editor of the 
Journal Die Rakete. He was aged 50 years. 


Ramjet Tests 

The U.S. Navy has started operational tests of a new type of ramjet engine 
at the rocket-test centre at Inyokern, California. The ramjet has been de- 
veloped by Aerojet Engineering Corporation, with technical assistance from 
Johns Hopkins University. With a weight of about 150 lb. and a diameter 
of 15 in., the engine has developed thrusts of up to 2,650 Ib. at speeds of 1,500 
m.p.h. This is 100 per cent. better than the performance of any other power 
plant of this type so far tested. Aerojet has also developed a large solid 
propellant rocket for boosted take-off of the ramjet. (Inter Avia, March 2, 
1948, No. 1432.) 


Copies of the Journal 

We are informed by the Secretary that a few spare copies of past issues 
of the Journal and Bulletin are available at 2s. 6d. and 2s. per copy 
respectively. Members who would like to complete their sets should request 
a copy of the list of those available as soon as possible, as the quantity is 
very limited. 


Members’ Suggestions 

We should like to remind members that if they care to submit suggestions 
for articles in the Journal, future lectures, or if they have any comments 
generally which they would like to make, these may always be addressed to 
the Secretary for consideration by the Council. 


Errata 

On page 3 of the 1947-48 Annual Report the lecture “Nature and Distri- 
bution of Meteoric Matter’’ was reproduced in Vol. 6, No. 6, September, 1947, 
and not in issue No. 5, dated June, 1947. : 

Similarly ‘“‘Conditions on the Surface of Mars,” appeared in Vol. 7, No. 1, 
and not Vol. 8, No. 1. 








THE BRITISH ASTRONOMICAL ASSOCIATION 


Founded 1890, now numbers 2,000 members. Open to all interested in 
Astronomy. Chief objects are the association of observers for mutual help, 
circulation of astronomical information, and encouragement of popular interest 
in Astronomy. The Association issues a Journal about nine times annually, 
Circulars giving current Astronomical news, and Memoirs on the work of Sections, 
including the Sun, Planets, Comets, Aurore, and Variable Star Sections. 

The Association has a good Lending Library and Lantern Slide Collection. A 
number of instruments are also available for loan to members. 


For further particulars apply to— 
The Assistant Secretary, 303, Bath Road, Hounslow West, Middlesex. 
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Personal 

Mr, A. V. CLEAVER. We are sure that all members would like to join with 
us in sending congratulations to our Chairman on his election to the Council of 
the Royal Aeronautical Society. Mr. Cleaver is Special Projects Engireer 
at De Havilland Engine Co., and was formerly Chief Project Engineer, De 
Havilland Propeller Co. 

Mr. MARTIN SQUIRRELL. A most interesting sign of the times is shown by 
the “Moon Rocket” picture, reproduced here, which was drawn by Mr. Squirrell, 
a Member of the Society. The picture is purely imaginary, and is meant to 





““Moon Rocket in Launching Tube”’ 


show the rocket resting on a cradle in a thick concrete tubular construction, 
or “launcher.’”’ As the rocket is meant to be under construction, material 
which would, of course, be removed prior to launching, is shown lying about 
on the floor. 

The picture was shown at the Royal Academy Exhibition in 1947, and again 
at the Arts Council Exhibition, 1947-8. Mr. Squirrell has very kindly loaned 
the picture to the Society for a short period, and it will be shown to members 
at the opening meeting of the 1948-9 session in October. 
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REVIEWS 


Rocket Research 


(By Constantin Paul Lent (New Edition, 1945). Published by Pen-Ink Pub. 
Co., 130, West 42nd Street, New York. 98 pp., index, illus. Price $5.00.) 


Much efflux has gone down the venturi since this book was first published 
during the War. In reviewing the Third Edition from the present superior 
altitude in time, one therefore has to bear in mind that a great deal more 
information has come to light since Mr. Lent wrote Rocket Research, so that some 
of the details formerly ascribed to various military projects are now found to be 
incorrect. However, in any case, errors of this nature cannot properly be 
blamed on the author of any book on rocketry, for, even now, comparison of 
official data from dissimilar sources frequently reveals such discrepancies. 

Readers on this side of the Atlantic will probably find greatest interest in 
the section which deals with the early experiments of the American Rocket 
Society, and doubtless those who possess a copy of Willy Ley’s Rockets will take 
the opportunity to compare these experiments with the VfR counterparts. 
A useful inclusion is the lists of American and British Patents relating to 
rocketry. 

Profusely illustrated, with many intriguing photographs, and containing 
innumerable excellent drawings of rockets and rocket equipment, painstakingly 
executed by Mr. Lent himself, Rocket Research should appeal to all those who 
are prepared to take their rocketry with a few molecules of sodium chloride. 
Acknowledging receipt of a copy of Rocket Research, the late Dr. Goddard 
wrote: ‘“‘The book shows extensive study of the field. Further, the illustrations 
are very extensive, but for that reason they include much that is speculative 
and untried; perhaps this is unavoidable in so new a subject.”’ As Liquid 
Fuel Experimenter No. 1, Dr. Goddard must have known that without specula- 
tion no new advances can be made in any science. Asa matter of fact, a prom- 
inent scientist once went a good deal further, saying: ‘““Advances in knowledge 
are not commonly made without the previous exercise of some boldness and 
licence in guessing.” 

Of course there is a world of difference between guessing right and guessing 
wrong. For example, one may be inclined to doubt the validity of the guesses 
built into Mr. Lent’s manifestation of a spaceship. Here the author seems not 
only to have taken excessively elaborate precautions for endangering the safety 
of his crew, in that a shock absorbing system has to be incorporated to mitigate 
the ascent acceleration, but actually suggests that a landing on another planet 
could be achieved by permitting the vessel to impale itself in the ground! 
Fortunately Mr. Lent retrieves the situation with all the ingenuity and aplomb 
of an accomplished astronaut by the following remark: “‘It is understood that 
this is only illustrated as an example.” 

On the whole one cannot but regret that Mr. Lent did not lavish the same 
loving care on the compilation of the text of this work as evidently he expended 
in the preparation of the drawings. In the course of a lifetime alternately 
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enriched and debauched by excursions into American magazine literature, one 
may become resigned to the fact that the text normally suffers several occulta- 
tions by irrelevant material before ultimately reaching a conclusion, but Mr. 
Lent seems to have carried this exasperating feature to excess. One likes to 
read a book, not jitterbug it . . . Moreover, under the circumstances, surely 
the reader is entitled to expect all the pages to be numbered. However, 
possibly this lapse is one of those unfathomable mysteries associated with the 
Official Secrets Act—like, in Britain, the wartime omission of the hardness 
index from pencils. 

There is one matter which appears to have struck right at the roots of one 
or two previous reviewers of Rocket Research—and that is the faintly Farns- 
worthian statement which appears on the flyleaf, viz. :— 


“Tn the future, that nation which will be most advanced in rocket research 


will conquer the world.” 

One may or may not feel inclined to quarrel with the truth of this assertion, 
but surely everyone will view such a prospect with alarm. It is equally repel- 
lant from whichever side of the Iron Curtain the blow may fall. Nobody wants 
to be conquered by anybody—we just want to mind our own business and get 
on with repairing a shattered civilisation. Indeed, with two world wars 
behind us there is adequate reason for wondering whether this “‘conquering”’ 
business is really necessary. Anyway, why not be sensible and start to 


conquer war itself? . . . Or, if that is too tame, let us at least hopefully and 
tactfully declare that ‘In future, that nation which will be most advanced in 
rocket research, wll conquer the Moon.” H. E. R. 


German Research in World War II 


(By Colonel Leslie E. Simon. Published by-Chapman & Hall, Ltd., 37-39, 
. Essex Street, W.C.2. 218 pp. 24s.) 


The author of this clear and penetrating analysis of the organisations 
engaged in German war research writes with first hand knowledge of his sub- 
ject. He was one of a group of scientists despatched from America at the close 
of the European war and has taken ample opportunity in this book of setting 
down his findings. 

One cannot help feeling, however, that here and there, the author’s hand has 
been somewhat restrained by censorship: many tasty morsels of description 
about experimental rigs, wind-tunnel techniques (especially in relation to 
missile development), and a whole range of potential weapons from ‘explosive 
powered vortices” to “the German Super-Gun,” are included which only whet 
the appetite and leave the mental digestion wanting. 

Not that the book is greatly concerned with details of specific developments. 
Its aim is rather to place before the reader an account of the various civilian 
research foundations, industriai laboratories, and military research groups that 
fed the Nazi war machine and to analyse their efficiency in producing new 
weapons and improvements on the old. That the overall efficiency of these 
organisations was poor is apparent and Colonel Simon leaves no room for doubt 
that the inability of the military leaders to evaluate and then to promote or 
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reject the projects of civilian scientists was one of the primary failures of German 
science. 

Despite poor liaison, however, it is clear that much important work was 
accomplished individually in the interior, exterior and terminal ballistics 
research activities, and in aerodynamics. 

The fields in which Germany was particularly advanced were, in the author’s 
opinion, jet-propulsion engines and guided-missiles, and great enthusiasm is 
expressed for the R4M air-to-air rocket. A story is told of how, just before the 
close of hostillities, six experimental Me. 262s, each with forty-eight R4M 
missiles attached beneath their wings, attacked a raiding party of B-17E Flying 
Fortresses, destroying fourteen and returning to base without loss. After this 
success, a priority order was placed for 25,000 R4Ms; just two-and-a-half 
weeks before the fighting ended. ‘The results that might have been achieved 
with this weapon in a few more months of war are frightful to contemplate,” 
Colonel Simon concludes. 

Summarising, the book should have a definite appeal to the rocket engineer 
for there are several sections dealing with rocket research, though mainly con- 
cerning the background of such weapons under development and little about the 
weapons themselves. There are sections dealing with ballistics and aerodyna- 
mics related to shells, aircraft rockets and long-range rockets; wind tunnel 
techniques, and notes on the design of special recording instrumeats, including 
rocket control and flight telemetering devices. 

Of general interest are accounts of a Wind Gun designed to shoot a blast of 
air against aircraft; a device to produce a “‘miniature tornado’’; the much 
vaunted Sound Weapon, and a new and spectacular type of Gun intended to 
fire an ‘“‘arrow”’ projectile across the Channel on London. K. W. G. 


Des premiéres Fuséés au V2. 


(By Alexandre Ananoff. Published by Editions Ebzévir, 73, bis Quai D.Orsay, 
Paris VII, at 47-50 francs.) 

This small booklet deals with the history of the rocket up to the present day. 
It is written in convenient form with date in the margins and includes some 
good illustrations. It does not mention Vfr., but attributes Racketen- 
flugplatz experiments to Nebel and Riedel as private investigators thus “Le 27 
Sept., 1930, L’ingénieur R. Nebel Fonde 4 Reunickendorff, aux environs de 
Berlin, La Raketenflugplatz: Oberth et Riedel sont ses collaborateurs’” Whom 
do we believe? L. R. S. 





WANTED.—B.LS. Journals Vol. 6, Nos. 1 and 2 (1946). Will pay 5s. 
each. Also A.R.S. Journals prior to No. 69 (March, 1947). Will pay 4s each. 
I. G. Henry, 68, Deansway, N.2. 


FOR SALE.—Several Copies of L’Humanste devant la Navigation Inter- 
planetaire, by Albert Ducrocq, published 1947, Paris. Price 6s. per copy. 
Box 3, c/o B.I.S., 157, Friary Road, S.E.15. 





CORRESPONDENCE 


CORRESPONDENCE 


Communications from Space 





SIR, 

I have been wondering if it is possible that space-signalling might precede} 
space-travelling. Has it ever been supposed that signals from space might 
even now be picked up? Assuming such case, how would one decide where they} 
came from and how to return them? 

In addition, how could one ever find some means of translating what will 
presumably be dots and dashes into some sort of intelligible communication? 

O. B. HOWELL. 


(‘‘Intelligible’’ communication is indeed a matter of great difficulty. There is) 
an emanation from space reflected as a radio disturbance known as ‘‘cosmic static,” 
but since it comes from practically every direction it could hardly be ascribed to 
other intelligences. However, from time to time persons have tried to find some 
key to these noises, but none has yet been found, and it is probably unlikely that one 
will. It is possible to find the direction of any ultra short-wave radiation by 
special instruments, and we could definitely pick up any radiation from, e.g. Mars 
or Venus, and identify its source. If one thinks in terms of stars, a most important 
point ts that of the time lag, for it would be extremely difficult to carry on any) 
sort of contact with a 5, 10, or 50 years’ time lag! If we disregard all these points 
and think only in terms of making sense, it seems that early contacts could only be 
made in numerical terms and arithmetical laws, by means of changes in duration or 
intensity of the emanation. Possibly. the terms “Yes’’ and ‘‘No”’ could then be 
found by ‘“‘deliberate’’ mistakes in arithmetic! An example of this ts the recent 
work undertaken by Dr. Olsvanger, a Fellow of the Society, on the Hexagrams of 
Fii-hsi, which are dated about 4000 B.C. These consisted entirely of combinations) 
of divided and undivided lines, and after considerable research, Dr. Olsvanger now 
suggests their interpretation in terms of numerical laws. But to advance in com- 
munication farther than this seems almost impossible, for one has only to remember 
the mystery of the Egyptian hieroglyphics which defied all the efforts of scientists for © 
years until the Rosetta Stone was found, which gave a ready-made key in another 
known language. We should be interested to hear from other members who might 
like to comment on this problem.—ED.) 
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